Two main theories have been suggested to explain the anti-caries action of water-borne fluorine, but the evidence for neither is conclusive. Both these theories assume that acid is the attacking force in caries, and it cannot be said that any plausible suggestions supported by experiment have yet been made that would explain the action of fluorine should the proteolytic theory be correct.
(fluorine content between 0X0618 and 0X0909%O suggesting a level in the water of at least 4 ppm.) were less soluble in OO1N solutions of organic acids, but no difference was found with hydrochloric, nitric and phosphoric acids.
We have found no record of tests on the solubility of intact human teeth from populations whose fluorine intake from water and average caries incidence are known, and it is this information which would seem to be desirable to test the theory.
Thesecond theory, that fluorine exerts its protective action against caries by antibacterial mechanisms, is based on two types of observations. Firstly, it has been stated that Lactobacillus acidophilus counts of several thousand saliva samples were lower in "high fluorine" than in "low fluorine" areas (Dean et al., 1939 (Dean et al., , 1941 Jay, 1942; Jay and Arnold, 1946) . Secondly, Bibby and his colleagues have shown that fluorine influences the metabolism of salivary bacteria (Bibby and V-an Kesteren, 1940; Bibby, Volker and Van Kesteren, 1942) . In their first paper these workers investigated the influence of different concentrations of sodium fluoride on the growth and acid production of many strains of salivary organisms, and found that with streptococci the level of sodium fluoride required to produce the smallest perceptible decrease in acid production was about 2 ppm. and that much larger amounts (between 250 and 1,000 ppm.) were required to affect growth.
The figures of Bibby and Van Kesteren on lactobacilli are in one respect somewhat puzzling. In tests on 10 strains of lactobacilli in a medium to which 2 ppm. of NaF had been added, they found a larger reduction in the acid production (45 %) in 24 hours than they observed at any of the other levels tested (10, 20, 50, 100 and 250 ppm.) except 1,000 ppm. No comment is made in the text on the anomalous behaviour of the lowest level of fluorine tested. Cox and Levin (1942) also state that, "in preliminary experiments" with a medium containing about 0*1 ppm. they have found that "the addition of very small amounts of fluorine at that level does have remarkable inhibitive effects on acid production", but no confirmatory data appear to have been published. Since the question of the level of fluorine needed to exert significant antibacterial effect is unsettled it obviously requires reinvestigation. Estimates of fluorine concentration of saliva range between 0 35 and 0-08 ppm., and have not been shown to vary with the level in the drinking water (Cox, 1940; Martin and Hill, 1950) .
There is clinical evidence that the anti-caries effect of fluorine in tap-water depends upon its AuG.-ODoNT. 1 administration while the teeth are being calcified (Dean et al., 1941) and the effect remains even if the water supply or place of residence is changed (Dean et al., 1941; Deatherage, 1943) . These observations imply that the effect of fluorine is "built in", presumably to the teeth, and does not require continuous exposure to water containing fluorine as would be expected if salivary fluorine or the fluorine of the water were itself directly concerned in the inhibition.
Bibby et al. also tested the effects of fluorosed dental tissues on the growth and metabolism of certain salivary bacteria. Their technique consisted of shaking 200 mg. samples of ground enamel or dentine with pure cultures of the organisms at 370 C. in suspensions of 10 ml. of broth for periods up to 96 hours, and measuring the acid produced, by colorimetric estimation of the pH and by titration against 0OIN NaOH. They found that the presence of the enamel and dentine altered the acid production; with some organisms more and with others less acid was produced than in the absence of dental tissues. When fluorosed enamel and dentine were present in cultures of organisms whose acid production was increased by dental tissues, the increase was smaller than with normal unfluorosed tissue and if the calcified tissue reduced acid production, then fluorosed material caused a larger reduction. The fluorosed tissues used were obtained either from rats which had been fed a high fluorine diet or by treatment of rat and human tissues with sodium fluoride solution in vitro, and they state: "Unfortunately the fluorine content of the teeth tested was; much greater than has been encountered in human teeth and so the reasoning does not necessarily apply to the human mouth."
The exact nature of the increase and reduction of titratable acidity by dental tissues observed by Bibby et al. was not decided by these workers. The fact that heavily fluorosed tissues caused a lower titratable acidity was not fully discussed, but in their first paper they refer to it as an inhibitory action and it has been assumed by other writers that fluorosed enamel and dentine can exert an antibacterial action. In their second paper, they avoid any clear statement about the different behaviour of fluorosed and non-fluorosed tissue, but suggest that the general effect of calcified tissues on titratable acidity is caused by buffering power. They imply that as the tooth substance dissolves the phosphate concentration and therefore the buffering power of the meditim rises, and, depending upon whether the pH at which it is buffered is favourable or otherwise for the organism studied, more or less acid would be produced. It is important to emphasize the fact, not mentioned by Bibby et al., that increase in buffering power would in itself increase titratable acidity even if it had no influence on the rate of metabolism of the organisms.
It was shown by Bibby and his colleagues that the fluorosed tissues which they used were less soluble than the normals and this means that they would, in the experiments with organisms, contribute less buffering power and therefore exert a smaller influence on titratable acidity. In other words, the apparent effect of the fluorosed tissue on acid production might be attributed to a direct result of their reduced solubility and they might be exerting no true anti-bacterial action whatever. In addition to this possibility, the buffering action might favour acid production by either intraor extrabacterial enzymes, or might affect the survival rate of the organisms. They did show tlhe with one strain of streptococcus the death-rate of the organism was slowed in the presence of the tooth substance and suggest that this partly accounted for the increased acid production.
In view of these uncertainties, it seemed desirable to reinvestigate these experiments from two points of view. First, to find out whether the effects of dental tissues on bacterial acid production are entirely due to changes in buffering action altering titratable acidity, or whether any influence is exerted on their metabolism and, if so, to ascertain whether fluorosed tissues obtained from human teeth of residents in a "high fluorine" area are sufficiently different from normal tissues to show any of the effects observed by Bibby et al.
Another possible explanation of the action of fluorine was raised by Clapper (1947) who observed that when a strain of oral lactobacillus was grown in a medium containing 100 ppm. of NaF for six months, and then transferred to a fluoride-free medium, the power of acid production was greatly reduced and remained so for up to six months on the fluoride-free medium. Growth, as judged by visual inspection of opacities, was unaffected. This effect was not observed with a medium containing I ppm. NaF, and no experiments were carried out in the presence of fluorosed tissues. It would seem unlikely that these observations are relevant to the caries-fluorine problem because higher concentrations of fluorine are apparently necessary than are likely to be present in the mouth, nor would it explain the low lactobacillus counts which have been reported in high fluorine areas.
When the present work was begun in 1948 it was based on the figures of Weaver's 1943 survey
showing that both 5-year-old and 12-year-old children in S. Shields had a DMF1 figure about 40% less than had N. Shields' children (Weaver, 1944a) . The survey of 1949 showed that the "wartime diet" had altered the picture; among the 5-year-old children the DMF figure had fallen by 33 % in N. Shields but only by 10% in S. Shields and the DMF figures for this age-group were no longer strikingly different (Weaver, 1950 *Forrest, Parfitt and Bransby (1951) reported a lower figure, viz. 0-82.
In view of these clinical findings it was decided to abandon the comparison of N. and S. Shields and to repeat the investigation on N. Shields and W. Hartlepool, and it is these results which are mainly given in this paper. EXPERIMENTAL Solubility of Teeth Methods (a) Intact teeth.-Teeth were obtained from the School Dental Clinics. After extraction, the teeth were washed free of blood and saliva, wrapped in moist cotton-wool or gauze and placed in a corked specimen tube. The interval between extracting and testing was rarely more than a few days. A form was filled in at the time of extracting giving date of extraction, age of child and stating whether the child had been born and had always lived in that particular town. The specimens were not used if the child had been born or had lived elsewhere.
On arrival at the laboratory the teeth were treated as described by Brudevold (1948) , that is, after scrubbing with a toothbrush the teeth were mounted in a cuboid of wax, except for a window 4 mm. in diameter. It was found to be most important for the overall sizes of the waxed teeth to be identical as any variation altered the efficiency of shaking and the amount of tooth substance dissolving. Each waxed tooth was then placed in a tube containing 5 ml. of 0-2 M acetate buffer at pH 4 0 and mechanically shaken for 10 minutes at 370 C., after which the tooth was removed, blotted dry with filter paper, and placed in another tube with fresh acid and shaken for a second period of 10 minutes. The amount of P dissolved by the acid buffer was estimated on 4 ml. samples by Briggs' method. In some of the later experiments, 0 5 ml. or 2 ml. samples were taken in duplicate and estimated by the much more sensitive method in which stannous chloride is used as a reducing agent. The depth of colour was measured in the majority of experiments by means of the Spekker photoelectric colorimeter but a few determinations were made with the E.E.L. colorimeter. Ten teeth were studied at a time, five from N. Shields and five from either S. Shields or W. Hartlepool. In each experiment, the two sets of teeth were matched as nearly as possible from the point of view of morphological type and the age of the subject. The teeth were studied in several series, the first consisting of 157 deciduous teeth from N. and S. Shields, the second of 105 deciduous teeth from N. Shields and W. Hartlepool, and the last of 76 teeth from adults in N. Shields and W. Hartlepool. The results from each series are not necessarily comparable, but great care was taken to ensure that the teeth were as comparable as possible within each series.
(b) Ground enamel.-Batches of 10 mg. of the ground material prepared by the method of Manly and Hodge (1937) from the same teeth used previously, sieved to the same range of particle size (100 to 150 mesh) were shaken with 3 ml. of acetic buffer (pH 4 0) at 370 C. for 10 to 20 minutes and, after allowing the solid to settle, the fluid was decanted and the dissolved P was estimated as in the experiments on whole teeth.
Results
The results of the solubility tests on the deciduous teeth, by Brudevold's method, are set out in Tables II and III. They show that the average amount of P dissolving from the N. and S. Shields teeth during the first 10 minutes' exposure to acid differ by only 120%, a difference which is not statistically significant (t = 1 -48, for significance (p = 0 05) t = 2 0). When the analogous figures for the N. Shields and W. Hartlepool teeth are compared, however, they are seen to differ by 42 %, this difference being highly significant, (t = 3.24, for significance (p = 0-01) t = 2-6). The figures obtained confirmed Brudevold's finding of the great variability in the solubility of teeth and also that less P dissolves during the first 10-minute period of exposure to acid (i.e. from the outermost layer of the teeth). It is realized that the number of teeth in the N. Shields-W. Hartlepool series is small, but the difference was so highly significant that it seemed adequate at the time it was carried out. Two recent developments make it desirable that this work be extended, however. Firstly, prior to repeating the experiments of Bibby et al. (1942) on the effect of ground enamel on acid-producing organisms, it became necessary to test the solubility of ground enamel in acids.
It was not surprising to find that no difference could be detected in the solubility of ground tissues from N. and S. Shields teeth, since this agreed with the results on whole teeth, but it was unexpected to find that there was no significant difference when grouhd enamel from N. Shields and W. Hartlepool were compared (Table IV) . Secondly, at one stage of this work, the supply of extracted teeth from school children in W. Hartlepool proved inadequate to meet the needs of our experiments and it was decided to collect teeth extracted from adults who were born and had lived all their life in the two towns. When teeth from adults of similar age were available simultaneously from the two towns, their solubilities were tested by Brudevold's method before grinding and separation of enamel and dentine. It has not yet been possible to test large numbers of adult teeth because the majority of the extracted teeth from N. Shields came from younger patients than those from W. Hartlepool, and the results must be regarded as preliminary only. The results have shown, however (Table V) , that there is no significant difference between the solubilities of the two groups of teeth and even this small number indicates at least that the large difference observed between deciduous teeth from the two towns does not apply to the teeth of adults. Discussion on Results of Tooth Solubility Experiments The first point to be considered is the fundamental difference between the two methods of studying solubility and their possible relation to the carious process. Brudevold's method is a test of the solubility of the outermost surface of the teeth and the results will depend not merely on the chemical composition, but also on the presence of any protective layers or sub-microscopic differences in the texture or roughness of the surface. The solubility of well-mixed ground enamel of standard particle size would seem to depend entirely on differences in chemical composition of the enamel as a whole.
The results obtained from studying the solubility of the intact tooth surface suggest that there is a large difference between the solubilities of deciduous teeth from N. Shields and W. Hartlepool and no significant difference between those from N. and S. Shields. As already mentioned, the numbers of teeth in the groups, although small, seemed adequate to establish these facts. The more recent findings that neither the ground tooth substances nor the adult teeth from N. Shields and W. Hartlepool share this difference clearly makes it desirable to extend all these observations before regarding them as final. If, however, we-accept them tentatively at their face value certain conclusions seem to emerge. In the first place, it is clear that the reduced solubility of the intact W. Hartlepool deciduous teeth is confined to the surface. Two possible interpretations suggest themselves; either the solubility is reduced because of a chemical difference between the surface and the interior of the tooth (and a higher fluorine content due to direct acquisition of F from drinking water might account for this), or there is some architectural difference between the surfaces of fluorosed and non-fluorosed teeth.
If the solubility of teeth is related to caries at all, the finding that the solubilities of adult teeth from high and low fluorine towns appear not to differ raises the interesting possibility that the reduction in the anti-caries effect of fluorine with advancing age (Weaver, 1944b; Forrest et al., 1951) may be related to the loss of this difference in solubility. The smallness of the difference in caries among adults of high and low fluorine areas has previously been interpreted as a gradual reaching, by middle life, of the maximum possible number of cavities-a state of affairs occurring at a younger age in a low fluorine area. These results raise the alternative possibility that the fundamental action of fluorine on solubility is lost as age increases.
The question of the relation of tooth solubility to caries is even more difficult to assess. Whether the differences in solubility which we have observed on the surface of W. Hartlepool teeth apply also to the contact points and the bottoms of the pits and fissures in which caries normally begins is, of course, not known. If the difference is produced by the post-eruptive acquisition of fluorine the areas protected from drinking water and saliva would probably not be altered.
The solubility of enamel in saliva is, of course, much lower than in acetic buffer, and above pHs of about 5*5 it is virtually insoluble. Suess and Fosdick (1951) have suggested that the critical pH at which enamel dissolves will be lower with fluorosed enamel, a view based on their experiments with enamel heavily fluorosed artificially. Stephan (1940)-has shown that acid production in the plaque is a rapid intermittent process and that when the pH falls below the critical figure it does so for a short time only. If the critical pH is lower, then the plaque will fall below this pH less often and for shorter periods which, on the acid theory of caries, would delay the formation and extension of cavities.
The results on the solubilities of teeth from the three towns suggest that at levels of fluorine intake of 2 ppm. or thereabouts, reduced solubility may play a part in the anti-caries action of fluorine as described by Suess and Fosdick. At levels of 1 ppm., however, our results suggest that the differences in solubility are too small to be significant. It must be emphasized that these results in no way prove that reduced solubility is one of the mechanisms by which fluorine reduces caries, but merely show that, at the level of intake of 2 ppm., this theory may be correct.
We have no explanation to offer for our findina that adult teeth from N. Shields and W. Hartlepool do not differ in solubility. If fluorine is constantly entering a tooth in a high fluorine area, as is often supposed, it would have been expected that differences in solubility between teeth from high and low fluorine areas would increase with age. It would be of great interest to compare the solubilities of permanent teeth from young subjects of the two towns, but this has not so far been possible because so few teeth of this type are extracted in W. Hartlepool.
The Antibacterial Action of Fluorine Methods
Saliva samples from children living in N. Shields and W. Hartlepool were collected by the following procedure. The subjects placed a piece of wax in their mouths, and warmed it for one minute before beginning vigorous chewing for five minutes, during which the saliva was collected in numbered specimen tubes. The tubes were securely corked and returned to the laboratory as quickly as possible. Forty children of the same age-group from each town took part in the test on each occasion. The collections took place simultaneously in the two towns about two hours after lunch.
The acid production of the saliva was then measured by a modification of the test of Wach et al. (1943) . In the first series of 229 samples the test was carried out immediately on arrival at the laboratory as follows. Each saliva sample was thoroughly shaken and 2 ml. were pipetted into a test tube containing 0 5 ml. of glucose; the two fluids were not mixed immediately. Samples from each town were pipetted alternately to ensure uniformity of heating and standing. Within a few minutes of the addition of the saliva, a second worker shook the tube to mix the saliva and glucose, and determined the initial pH. Batches of ten tubes were put into the incubator about every 15 minutes at times which were recorded. After incubation for three and a half hours, each batch was withdrawn from the incubator and the final pH determined. By this technique all of the 70-80 samples tested on each occasion were incubated for identical times although the time elapsing between collection and testing of the saliva would become progressively longer. Since samples from each town were set up alternately any changes occurring during the standing (and such changes have been shown to be small) might be expected to affect equally samples from each town.
In the second series, the samples were kept in the refrigerator overnight and were tested the following day. Tests on the samples showed that the relative acid production figures did not change appreciably during 24 hours standing, the only difference being that the initial pH was higher.
The-lactobacillus counts were carried out by the technique of Jay and Arnold (1946) .
Results
The results of the first series of acid production tests are set out in Table VI and show that there are no differences either in the initial or final pH's in the groups of saliva from either town. This result was so unexpected, in view of the American work on lactobacillus counts, that it was decided to repeat it on a similar number of salivas and to carry out lactobacillus counts simultaneously.
The results on acid production are included in Table VI and confirm the previous finding that there is no difference in acid production or initial pH. The higher average initial pH of the second as compared with the first series is explained by the longer interval which elapsed between collection and estimation.
Although it was realized that the number of subjects was too small to give a decisive answer for so variable a factor as a lactobacillus count it was thought that a difference as large as those reported by the American workers would be observed even on this number.
These limited results, given in Table VII , do indicate that W. Hartlepool saliva samples contain a higher proportion of lower counts and a lower proportion of higher counts than those from N. Shields.
These results on acid production and lactobacillus counts suggest that one action of fluorine is to inhibit the growth of lactobacilli and perhaps other salivary-acid-producing organisms, but the absence of an effect on acid production suggested that there could be no general antibacterial action. As already stated, previous workers have left in a somewhat uncertain state the question of what concentration of fluoride is required to inhibit lactobacilli. It seemed important to reinvestigate the effects of low concentrations of fluoride on acid production by lactobacilli and also by mixed salivary organisms. Our colleague Dr. D. E. Wright investigated the effect of low concentration of fluoride on the fall in pH of saliva incubated with glucose and found that levels as low as 0-5 ppm. produced a small but statistically significant effect. The average difference in 13 salivas was only 0-03 pH after four hours and 0-05 after twenty-four hours incubation, however, and it seems most unlikely that such a small difference would have an appreciable influence on caries (see Table VIII ). At a level of 1 ppm. the There was no evidence of the great inhibition at about 1 ppm. shown by Bibby and Van Kesteren and mentioned by Cox and Levin. In the experiments on lactobacilli no attempt has been made to study exhaustively the effect of a wide range of fluorine concentration but attention has been focused on the possibility already mentioned that concentrations of 1 ppm. or thereabouts are extremely inhibitory.
Since saliva is a readily obtained medium, which is low in fluorine, it was decided to grow the organism in sterile saliva to which various levels of fluorine had been added. The procedure adopted in a typical experiment was as follows: 250 ml. of saliva from inhabitants of a low fluorine area were divided into five batches to each of which were added 5 ml. of water containing sufficient sodium fluoride to raise the concentration by 0, 0-1, 0-5, 1 0 and 10-0 ppm. of fluoride. The salivas were then sterilized and on cooling 2 ml. of each batch pipetted with sterile precaution into sets of 5 sterile tubes containing 0-5 ml. of glucose solution. Each set of five tubes was then inoculated with 0-1 ml. of a 24-hour culture of a salivary lactobacillus and the pH was determined after 8, 12 or 24 hours incubation.
The average results of 16 tests are given in Table VIII and they provide no evidence whatever that very low levels of fluorine are extremely inhibitory. Concentration of 10 ppm. seems to be necessary before any consistent decrease in acid production occurs and even at this level it is doubtful whether the inhibition would be large enough to have any significant effect on caries. Scrivener et al. (1949) have stated in an abstract that sodium fluoride "in the proper concentration" was found to stimulate the growth of B. brevis, the organism which produces the antibiotic tyrothricin. We have found that B. brevis is a frequent inhabitor of the human mouth. This suggests that fluorine might produce its antibacterial action, not directly on the caries-producing organism, but by stimulating the growth and presumably tyrothricin activity in saliva of B. brevis which would in turn hinder the growth of lactobacilli and other tyrothricin-sensitive organisms.
Tests were made on the influence of low concentrations of fluoride on the growth of B. brevis and indications were obtained that at levels of below 1 ppm. growth was stimulated, while higher levels inhibited. Tyrothricin production, however, measured by an unpublished modification of the haemolytic method of Dimick (1943) was inhibited at all levels. The tyrothricin content of two samples of pooled saliva, one from N. Shields and the other from W. Hartlepool, were also estimated. Both samples contained very low concentrations and there was no significant difference between them. It must be borne in mind that the specificity of the method when applied to human saliva is still uncertain but our figures probably give the upper limit.
These experiments on pure cultures of B. brevis and on saliva give no support to the idea that the anti-caries action of fluorine is exerted via tyrothricin.
Discussion ofSaliva Results The observations that the average acid production by salivas from subjects in the high and low fluorine towns did not differ, but that lactobacillus counts did, might be interpreted in several ways.
It is clear that the acid production test is a crude one, affected not only by acid-producing bacteria but also by the buffering power of the saliva, the presence of ammonia-producing as well as acidremoving organisms, and perhaps other factors (Hill and White, 1949) . It seems unlikely that in over 200 samples these factors would exactly counterbalance any differences in true acid production and it seems more probable that fluorine exerts its action specifically on only some of the acid producing organisms. Against this possibility we have the evidence in Table VIII that similar concentrations of fluoride are required to bring about a demonstrable reduction in acid production in saliva as in pure cultures of lactobacilli. The difference between the results of the saliva tests and lactobacillus counts is therefore not easily explicable.
In spite of the failure of acid production tests to demonstrate any difference in the salivary activity of samples from N. Shields and W. Hartlepool there can be little doubt from the extensive data of others and our own small survey that the ingestion of fluorine-containing drinking water does lower the acidophilus count, a fact which is likely-though not proved-to indicate that part at least of the anti-caries action of fluorine is exerted through antibacterial mechanisms. Since the concentration of soluble fluoride required to have sufficient antibacterial action to affect caries is high, the question arises: by what mechanism can an effective concentration be built up in the mouth?
It is obvious that the carious attack develops in the dental plaque and it is here also that presumably most of the organisms of saliva originate. The fluoride content of the plaque is unknown and would be extremely difficult to estimate by present methods. It might be speculated that if the aqueous phase of the plaque consists of saliva, then the concentration of fluorine might be expected to be similar to that of saliva, i.e. too low to influence bacterial activity. If, as seems less likely, the aqueous phase of the plaque is drinking water then the fluorine concentration would be greater and perhaps high enough to have some influence on acid production but still not enough to affect the growth of lactobacilli.
The importance of drinking water as a source of fluorine in the plaque could perhaps be studied by experiments with water containing 1 to 2 ppm. radioactive fluorine but the short half-life (112 minutes) has made such a study impossible in Newcastle which is so distant from a supply of radioactive elements.
The Possible Antibacterial Properties ofFluorosed Tissues If saliva and drinking water seem unlikely sources of antibacterial concentrations of fluorine, there remains the possibility that fluorosed enamel may in some way be toxic to the bacteria of the plaque or saliva, an interpretation which has been placed on the experiments of Bibby et al. (1942) . As mentioned in the Introduction, this work was capable of a different interpretation and experiments were planned to determine whether all the differences noted by Bibby were explicable as buffering effects or whether there was any evidence of real antibacterial activity.
Experiments based on those of Bibby et al. have been carried out but differing in two respects. First, naturally fluorosed dental tissues have been used mostly, and second, the effect has been tested so far only on mixed salivary organisms instead of pure cultures.
Briefly, the results of these experiments showed that no difference was observed when the behaviour of saliva in the presence of ground enamel from N. Shields teeth was compared with that from W. Hartlepool teeth. It is, therefore, irrelevant to discuss whether changes in acid production produced by incubating saliva with enamel are caused by buffering effects.
The fact that no true antibacterial action has been demonstrated by the experiments on ground enamel does not definitely prove that fluorine on a tooth surface has no influence on the organisms of the plaque, because the ratio of tooth to organism in the plaque is clearly quite different from that in the test tube. Also, our finding that the solubility of the outer surface of the enamel differs from that of the enamel as a whole makes it clear that the experiments should be repeated on intact noncarious teeth. Unfortunately, owing to the extreme variability of the solubility and surface areas of different teeth, the results of such experiments are valueless unless large numbers of teeth are used and this has not so far been possible, but is planned for the future.
The clinical results already mentioned do suggest that fluorosed enamel does in some wa,y influence salivary bacterial counts although it is not easy to picture a mechanism by which solid fluorosed material could act antibacterially. There would seem to be only four ways in which this could occur.
First, since the concentration of fluorine in the enamel is much higher (perhaps several thousand times higher) than in the saliva, it is possible that fluoride ions may leave the enamel and enter the plaque. McClure and Likins (1949) have stated, in a brief report with no numerical data, that they have demonstrated the removal of fluoride from artificially fluorosed ground enamel by ten washes with distilled water. It must be admitted that it is difficult to see how sufficient concentrations of fluoride could be accumulated in the plaque to affect acid production and bacterial growth significantly, without fairly rapidly depleting the surface of the enamel of fluoride, particularly as on most parts of the tooth the plaque is probably disturbed and re-formed several times a day. It might be argued that only in the sheltered parts of the mouth, where the plaque is undisturbed, i.e. the potential sites of carious cavities, would it be necessary to build up toxic levels of fluoride. Such reasoning does not account for the lowered lactobacilli counts in saliva, however. It must be assumed that a large proportion of the plaque material is affected by fluoride in order to lower the bacterial activity of saliva as a whole.
The work of Volker et al. (1940) has shown that radioactive fluoride tends to enter bone, enamel and dentine even from solutions with a concentration as low as 10-5 and it has been widely believed that a tooth may increase its fluoride content by contact with fluoride-containing water. The experiments of Volker et al., although proving that radioactive fluoride enters enamel, do not necessarily prove that there is a net gain from solutions of low concentration since no account is taken of the possible simultaneous loss of some of the non-radioactive fluoride already present in the enamel.
The crucial experiment to decide whether fluoride is constantly accumulating at the surface of enamel, or is leaving the enamel and entering the plaque would be to estimate the fluoride at the surface and compare it with the concentration of the mixed enamel from the interior.
We have attempted this experiment by exposing the crowns of 30 W. Hartlepool adult teeth to acetic buffer at pH 4-0 until an average of 1 mg. per tooth of the most superficial enamel had been dissolved away, as shown by P estimations on the buffer. The teeth were then powdered and the enamel separated from the dentine. The fluorine of the surface and interior of the enamel was then estimated separately by the method of and in the one experiment so far carried out the result showed that the surface contained approximately four times as much as the interior (surface 0@11 %, interior 0X023 %). Owing to difficulties in the technique and the remote possibility that substances interfering with the fluorine estimation are concentrated on the enamel surface, this finding must be accepted with caution.' Nevertheless, it suggests that fluorine enters rather than leaves the enamel.
Secondly, it is obvious that if enamel dissolves in an acid plaque the fluoride would be released with the other constituents of the enamel. For antibacterial concentrations of fluorine to be built up, considerable amounts of enamel would have to dissolve and it seems illogical to postulate an anti-caries action which can only be exerted by dissolving away enamel.
The third possible method by which an insoluble substance could exert an antibacterial action is by absorbing some substance required by the organisms. The known affinity of fluorine for magnesium, which is an important co-enzyme in carbohydrate metabolism, raises the possibility that the fluorosed surface might remove magnesium from the plaque and thus deprive the plaque organisms of this substance. There is no experimental evidence for this view and it is not known whether fluorine bound to the tooth surface (probably as fluoropatite, but this is still uncertain) would have any influence on magnesium ions. In any case it would seem unlikely that the low level of fluorine in the tooth could exert any prolonged action on the plaque. Nevertheless this possibility is one now being investigated.
The fourth possible mechanism is that fluorine alters the micro-architecture or physical properties of the surface of the tooth and makes it in some way less hospitable for the attachment of colonies, but studies with the electron microscope lend no support to this possibility (Gerould, 1945) .
teeth as well as powdered enamel. Caries starts on the surface of the tooth and therefore a study of the tooth surface seems likely to be a profitable approach. Were the teeth treated to get rid of Nasmyth's membrane, and was the same part of the surface studied in all cases? With regard to the lactobacillus counts, presumably a statistical analysis of the results would be of assistance in deciding whether the difference between the W. Hartlepool and N. Shields saliva samples was significant or not. The contradiction between the results for acid production and lactobacillus counts is not surprising, in view of the variability of lactobacillus counts in the same individual from time to time. Dr. Jenkins, in reply: The brushing of the teeth would not have removed Nasmyth's membrane. The same surface could not always be used because with carious teeth there is frequently little choice.
Dentine Resorption Repaired with Dentine
By MARTIN A. RUSHTON, M.D., F.D.S. IT is not very uncommon to find a tooth in which the formation of dentine throughout has been at some time prematurely arrested, where the dentinal tubules cease abruptly along a single incremental line, and where subsequently the formation of dentine has recommenced with the development of new tubules not continuous with the old. These are usually thought to be produced by the original odontoblasts which have recovered, but could also be the result of newly differentiated odontoblasts. In such a case the pre-dentine in existence at the time of the disturbance can often be recognized. It has been covered by a layer of collagenous matrix in which some cells have been included, and on the pulp side of this are found the terminal branches of the new dentinal tubules leading to the pulp. Other teeth are found in which the formation of tubular dentine has never been resumed and a collagenous matrix without dentinal tubules takes its place. This happening can possibly be the result of a general illness of very great severity but is more commonly caused by a local accident, such as partial dislocation of the tooth or thrombosis of its vessels, which temporarily interrupts the nutrition of the pulp. In such a case the pulp cavity may eventually become very small or may be entirely obliterated.
In some of these cases it can be seen that, subsequent to the arrest of dentine formation, there has been resorption of part of the dentine forming the wall of the pulp cavity at that time and that the resorbed area has afterwards been repaired with collagenous matrix having some resemblance to cementum or bone but not to tubular dentine. Similar resorption and replacement are well known to occur in a number of different conditions. In a specimen recently examined, interruption of dentine formation had occurred at some time and also resorption of part of the dentine had taken place from the pulp side, but there was the most unusual feature that the resorption cavities had been repaired with good tubular dentine.
The specimen was a lower deciduous canine tooth from a patient with cleidocranial dysostosis. It was removed at the age of 40, had never been decayed or filled, and was at that time still firm, the root being not much resorbed. Most of the pulp cavity had eventually become filled with dentine ( Fig. 1) . It can be seen that a temporary arrest of dentine formation occurred at a time when the tooth was almost complete, as indicated by a dark incremental line. On the side of this nearer the pulp the remains of the original pre-dentine can in many parts be detected. In the apical half of the root, however, resorption of the prima"ry dentine has occurred in many parts, though this is quite superficial and has nowhere extended deeply into the primary dentine (Fig. 2) & The formation of dentine has then recommenced equally at parts where the existing dentine had been resorbed and where it had not (Fig. 3) . The first tissue deposited in the resorption cavities shows a few cellular inclusions (Fig. 4 ), but the terminal branches of the new tubules lie deep in the cavities and the tubules then extend to the present position of the pulp. Examination of an adjacent deciduous incisor and three permanent teeth showed no similar condition.
It seems likely that before resorption of dentine from the pulp side can begin there must be damage to the odontoblast layer and adjacent cells and possibly some calcification of the pre-dentine, and that recovery of odontoblasts rarely if ever takes place at that point, so that repair, when it occurs, is effected in a less highly differentiated manner. In the present case the position of the new dentinal tubules in the deepest parts of the resorption bays makes it probable that new odontoblasts were differentiated.
